Previous results indicated that performance of chicks fed a high level (15%) of rendered spent hen meal (SHM) was lower than performance of chicks fed a corn-soybean meal (SBM) diet. The latter difference was hypothesized to be due to variation in digestible amino acid (AA) levels among the diets. This study evaluated diets containing SHM formulated on an equivalent total AA basis vs an equivalent digestible AA basis compared to a corn-SBM diet. Three SHM (A, B, and C), produced in commercial rendering plants, were evaluated. Mean true digestibility coefficients (percentages) for 17 AA in SHM A, B, and C were 73.1, 63.4, and 75.5, respectively. In two chick trials, 1-wk-old New Hampshire × Columbian male chicks were fed from 8 to 20 d of age a corn-SBM diet or diets containing 15% SHM formulated to be equal in total or digestible AA to the corn-SBM diet. All diets contained 21.5% CP and 3,200 kcal TME n /kg. Chicks fed 15% SHM (A, B, or C) diets formulated on a total AA basis had significantly lower (P < 0.05) weight gain and feed efficiency than chicks consuming the corn-SBM diet. Formulating diets containing SHM B or SHM C on a digestible AA basis yielded growth performance equivalent to chicks fed the corn-SBM diet. Growth performance of chicks fed the SHM A diet formulated on a digestible AA basis was greater (P < 0.05) than that obtained from the SHM A diet formulated on a total AA basis but was still lower than performance of chicks consuming the corn-SBM diet. Additional AA and energy supplementation of the SHM A diet formulated on a digestible AA basis only partially alleviated the latter performance difference. The results of this study indicated that formulation of diets containing SHM on a digestible AA basis is superior to formulation on a total AA basis and that 15% inclusion of two of the three SHM in chick diets had no detrimental effects on performance if the diets were formulated to contain adequate levels of digestible AA.
INTRODUCTION
In recent years, the demand for spent hens from the laying industry has declined as processors have increased use of broiler breeder hens for products traditionally produced from spent Leghorn hens (Christmas et al., 1996; Lyons and Vandepopuliere, 1996) . Extrusion processing and rendering have been suggested as possible uses of spent Leghorn hens (Haque et al., 1991; Christmas et al., 1996) . Research on the nutritional value of spent hen meal (SHM), however, has been limited. Studies on extrusion processing (Haque et al., 1991) and rendering (Christmas et al., 1996) showed that SHM has nutritional value in broiler diets. Previous work from our laboratory showed that dietary inclusion of 7.5% SHM did not significantly affect chick growth in comparison to a corn-soybean meal (SBM) diet (Douglas et al., 1997) . However, with a higher inclusion rate of 15% SHM in that study, growth and feed efficiency were decreased below that of chicks fed a corn-SBM diet. The reduced chick performance obtained with the 15% SHM diets was hypothesized to be due to differences in digestible amino acid (AA) levels among the diets, because all diets were formulated on a total AA basis and the digestibilities of the AA in the SHM were found to be substantially lower than those in corn and soybean meal (NRC, 1994) . Thus, it was the objective of this study to evaluate the performance of chicks fed diets containing 15% SHM formulated on a total AA basis versus a digestible AA basis in comparison with a corn-SBM diet.
MATERIALS AND METHODS

Ingredient Analyses
Three SHM (A, B, and C) were obtained from commercial rendering plants that used different processing procedures (Douglas et al., 1997) . All samples were analyzed for DM, N, ether extract, ash, Ca, and P according to the procedures of the Association of Official Analytical Chemists (1980) . Amino acid concentrations in the SHM were determined using ion-exchange chromatography following hydrolysis in 6 N HCl for 22 h at 110 C (Spackman et al., 1958) . Analyses of methionine and cystine were conducted following performic acid oxidation by the method of Moore (1963) except that samples were diluted with water and lyophilized to remove excess performic acid. The chemical compositions of the SHM are presented in Table 1 . The TME n and true digestible AA coefficients of the SHM were determined using the precision-fed cecectomized rooster assay (Douglas et al., 1997) . The total and digestible nutrient concentrations varied greatly among samples.
Chick Assays
One-week-old male chicks resulting from the cross of New Hampshire males and Columbian Plymouth Rock females were used in both chick assays. Chicks were housed in thermostatically controlled starter batteries with raised wire floors in an environmentally regulated room. Feed and water were supplied for ad libitum consumption and light was provided 24 h daily. The chicks were fed a 24% CP corn-SBM pretest diet during the first 7 d posthatching. Following an overnight period without feed, the chicks were weighed, wing-banded, and allotted to dietary treatments as described by Sasse and Baker (1973) .
Chick Assay 1 was conducted to evaluate growth performance of chicks fed diets containing 15% SHM formulated on a total AA (Table 2) or digestible AA basis (Table 3) compared to a corn-SBM diet. The analytical values for the SHM in Table 1 and NRC (1994) tables values for corn and SBM were used for the diet formulations. The diets containing SHM were formulated to contain levels of total AA or digestible AA that were equivalent to levels in the corn-SBM diet or that were equal to the NRC (1994) total AA requirement, whichever was lower, except for Trp. Because Trp analyses and digestibilities were not determined, it was assumed that the SHM contained 0.25% total Trp (amount in meat and bone meal). All diets (total and digestible AA basis) were the formulated to contain 0.25% total Trp, which is 25% more than the NRC (1994) requirement, to ensure that Trp was not deficient in any diets. All diets were formulated to provide 21.5% protein and 3,200 kcal TME n /kg and to meet all other NRC (1994) nutrient requirements. The seven diets were fed to four groups of five male chicks from 8 to 20 d posthatching.
Results of chick Assay 1 indicated that performance of chicks fed the 15% SHM A diet formulated on a digestible AA basis was significantly lower than performance of chicks fed the corn-SBM diet. Thus, chick Assay 2 was conducted to evaluate growth performance of chicks fed the 15% SHM A diet fortified with additional digestible AA and energy to determine whether these additions would improve chick performance to a level similar to the corn-SBM control diet. The corn-SBM diet (Diet 1) and the 15% SHM A diet formulated on a digestible AA basis (Diet 2) were the same as in chick Assay 1. Diet 3 was similar to Diet 2 except that it was fortified with all essential AA to obtain digestible AA concentrations that were 10% higher than those levels in Diet 2 (Table 3) , except for His and Leu, which already exceeded the NRC (1994) total AA requirements. Diet 4 was the same as Diet 3 except that it was formulated to contain an additional 50 kcal of TME n / kg (3,250 vs 3,200) ( Table 3 ). The increased energy was obtained by adding soybean oil. The four diets were fed to four groups of five male chicks from 8 to 20 d posthatching.
Statistical Analysis
Data from both chick assays were subjected to ANOVA for completely randomized designs using SAS ® (SAS Institute, 1985) . Statistical significance of differences among treatments were assessed using the least significant difference test (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
Dietary inclusion of 15% SHM A, B, or C on a total AA basis depressed chick weight gain and gain:feed ratio in comparison to the corn-SBM control diet (P < 0.05) in chick Assay 1 (Table 4) . Formulating diets containing SHM on a digestible AA basis resulted in improved chick performance (P < 0.05) compared to that achieved from formulation on a total AA basis. Weight gain and gain:feed ratio of chicks fed SHM B and C diets formulated on a digestible AA basis were not significantly different (P > 0.05) than those of chicks fed the corn-SBM control diet. However, growth performance of chicks fed diets containing 15% SHM A formulated on a digestible AA basis was inferior (P < 0.05) to performance of chicks fed the corn-SBM control diet. The reason for the latter response is unknown. It was hypothesized that the difference might be due to overestimation of the TME n or AA digestibilities for the SHM A in the precision-fed cecectomized rooster assay. Some previous studies have shown that AA digestibility assays may overestimate the bioavailability of AA in certain instances (Batterham, 1992; Fernandez and Parsons, 1996) . Therefore, an additional chick assay was conducted to evaluate the effects of increasing the TME n and digestible AA levels in the 15% SHM A diet. In chick Assay 2, formulation of the 15% SHM A diet on a digestible AA basis again resulted in growth performance that was lower than that obtained from the corn-SBM control diet (Table 5 ). There was no significant effect on weight gain from the additional fortification of the SHM A diet with AA or energy (P > 0.05). Gain:feed ratio was significantly increased (P < 0.05) by additional AA or the combination of additional AA and energy. The latter response was due to reduced feed intake (P < 0.05) compared to the corn-SBM diet. The gain:feed ratio of chicks fed the 15% SHM A diet fortified with AA and energy was still lower (P < 0.05) than that obtained from TABLE 3. Composition of diets containing 15% spent hen meal (SHM) formulated on a digestible amino acid basis 1 Provided per kilogram of diet: vitamin A (as retinyl A acetate), 4,400 IU; cholecalciferol (as activated animal sterol), 1,000 IU; vitamin E (as DL-atocopheryl acetate), 11 IU; vitamin B 12 , 0.01 mg; riboflavin, 4.41 mg; d-pantothenic acid, 10 mg; niacin, 22 mg; menadione sodium bisulfite, 2.33 mg.
2 Provided as milligrams per kilogram of diet: manganese, 75 from manganese oxide; iron, 75 from iron sulfate; zinc, 75 from zinc oxide; copper, 5 from copper sulfate; iodine, 0.35 from ethylene diamine dihydroiodide; selenium, 0.2 from sodium selenite.
3 Bambermycin (0.44%). 4 All values except corn and soybean meal were analyzed values. The values for corn and soybean meal were derived from the NRC (1994). the corn-SBM diet. Thus, the additional AA and energy were able to only partially alleviate the lower performance obtained from the 15% SHM diet. These results suggest that part of depression in performance from feeding 15% SHM A was not associated with dietary AA or TME n levels. The results of this study further confirm earlier studies (Haque et al., 1991; Christmas et al., 1996; Lyons and Vandepopuliere, 1996; Douglas et al., 1997; Kersey et al., 1997) that SHM has substantial nutritional value for poultry; however, the nutritional quality may vary greatly among samples. Moreover, our results indicate that formulation of poultry diets containing SHM on a digestible AA basis is superior to formulation of diets on a total AA basis. Thus, as much as 15% of two SHM could be included in chick diets with minimal or no detrimental effects on performance if the diets were formulated to contain adequate levels of digestible AA. Previous studies on cottonseed meal (Fernandez et al., 1995) and several byproduct ingredients (Rostagno et al., 1995) have also shown that formulation of poultry diets on a digestible AA basis is superior to formulation on a total AA basis when using ingredients that have AA digestibilities that are lower than those in corn and SBM.
